The Japanese medical costs for cataract treatments reached 270 billion yen in fiscal year 2012. Since the length of stay (LOS) in hospital is much longer than other major countries, controlling the medical costs by reducing LOS becomes an important issue in Japan. In this paper, we evaluated the effects of the 2010 revision of the Japanese medical payment system (DPC/PDPS) on LOS for cataract operations. The Box-Cox transformation model, Nawata's estimators and Hausman tests were used in the analysis. To evaluate the effects, we analyzed a dataset obtained from 34 DPC hospitals (Hp1-34) where one-eye cataract operations were performed both before (April 2008-March 2010) and after (April 2010-March 2012) the 2010 revision and there were more than 500 patients. The dataset contained information from 32,593 patients. We did not admit the effect of the 2010 revision in this study, and there were large differences LOS among hospitals, even after removing the influences of factors such as patient characteristics and types of principal diseases.
Introduction
A medical inclusive payment system based on the diagnosis procedure combination (DPC) was introduced in April 2003. The DPC classified diseases, treatments and conditions of patients by 14 digits and was originally developed in Japan. The DPC-based inclusive payment has been called the DPC/PDPS (DPC/per diem payment system) since December 2010 [1] . As of April 2013, a total of 1496 hospitals (hereafter DPC hospitals), comprising about 20% of all general hospitals in Japan, had joined the DPC/PDPS. These hospitals had 474,981 beds, more than half of the total number of beds in all general hospitals [2] . For details of the DPC/PDPS, see Nawata et al. [3] . Since DPC hospitals are required to satisfy certain rather costly conditions [4] , it is difficult for small hospitals to join the DPC/PDPS. As a result, the percentage of DPC hospitals increases as the hospital size becomes larger. For example, among small hospitals with fewer than 100 beds, just about 5% were the DPC hospitals. On the other hand, among large hospitals with 500 or more beds, nearly two thirds were the DPC hospitals [2] . The revisions of DPC/PDPS have been implemented every other year. However, sufficient evaluations of the system have not yet been conducted for these revisions. Empirical studies of hospital length of stay (LOS) using econometric models are necessary to evaluate the system correctly.
According to the Ministry of Health, Labour and Welfare [5] , the medical costs for cataract were 270 billion yen in fiscal year (April-March) 2012 in Japan. The 76,577 cataract operations were done for 48,235 cases and their direct costs were 8.03 billion yen in June 2012 [6] . In Japan, two-eye cataract operations, in which both eyes are operated on during a single period of hospitalization, are also performed. Therefore, the number of operations becomes larger than that of cases. It is estimated that about 920 thousand cataract operations costing nearly 100 billion yen are done annually. Cataract operations are usually carried out on a same-day basis, without any hospitalization in major countries ( [7] , pp. 100-101). The long LOS is one of the most noticeable characteristics of cataract operations and controlling medical costs by reducing LOS is a very important issue in Japan.
In this paper, we evaluate the effects of the 2010 revision of the DPC/PDPS on LOS for cataract operations using the Box-Cox [8] transformation model (hereafter, BC model), estimators proposed by Nawata [9] [10] and Hausman tests. The BC model is widely used to examine various econometric problems especially when the distribution has a heavy tail on the right side. For details and examples of the BC model, see Hossain [11] and Sakia [12] . The maximum likelihood estimator under the normality assumption (hereafter, BC MLE) is used for the estimation of the BC model. Since the BC model is just a simple regression model when the transformation parameter is given, it can be easily estimated by the least squares and scanning methods. However, the BC MLE is not generally consistent. Various researchers have proposed alternate methods of the BC model and BC MLE [13] - [15] . However, since their methods are rather complicated [16] , they have not been widely used. Although the BC MLE is generally inconsistent, it can be a consistent estimator if the error terms are homoscedastic and the "small σ " assumption [17] is satisfied. Nawata [9] proposed a new consistent estimator of the BC model. However, the estimator is inconsistent if the error terms are heteroscedastic. Large biases of the BC MLE under heterogeneity were reported [16] . Therefore, heteroscedasticity is a very important problem in the BC model. Especially, for the LOS, variances are often very different even among hospitals. Powell [18] proposed a semiparametric estimator based on the moment restriction. Although Powell's estimator is consistent with heteroscedasticity, it performs quite poorly. More recently, Nawata [10] proposed an estimator that was consistent with heteroscedasticity. Using Nawata's [9] [10] estimators, Hausman [19] tests are done for the BC MLE; that is, we determine whether or not we can use the BC MLE for the estimation of the BC model. Hausman tests compare two (vectors of) estimators, θ and θ  . θ is consistent with the null hypothesis but inconsistent with alternative hypothesis, and θ  is consistent both with null and alternative hypotheses. The test statistic is given by
  and its asymptotic distribution is the chi-square distribution with degrees of freedom p under the null hypothesis where p is the dimension of θ and θ  .
In the case of cataract operations, major changes were made concerning the DPC classifications and the inclusive payments determined by the DPC/PDPS in the 2010 revision. To evaluate these changes, we analyzed the dataset obtained from 34 DPC hospitals (Hp1-34) where one-eye cataract operations were performed both before (April 2008-March 2010) and after (April 2010-March 2012) the 2010 revision, and more than 500 patients were operated in the sample period. The dataset of 32,593 patients were used in the analysis.
Estimators of the BC Model

BC Model
Suppose that LOS of patient t is given by the BC model.
where t y is the LOS, t x and β are the vectors of the explanatory variables and coefficients, respectively, and λ is the transformation parameter. The likelihood function under the normality assumptions is given by
( ) log log log 1 log
where ϕ is the probability density function of the standard normal assumption, 2 σ is the variance of t u , and
We can obtain the BC MLE is obtained by maximizing Equation (2) . Let it is referred to as the "small σ " assumption in the rest of the paper), the BC MLE can be a consistent and efficient estimator, and "small σ " asymptotics [17] of the BC MLE
N-Estimator
Nawata [9] considered the roots of the equations, 
Therefore, we get ( ) 
If the third moments of t u are zero (since we can include the constant term in explanatory variables, we can assume that the first moment of the error terms is zero without loss of generality under homoscedasticity),
Therefore, the estimator obtained by Equation (4) is consistent (hereafter, N-estimator). The asymptotic distribution of the N-estimator
where
Robust Estimator
The N-estimator is not consistent under heteroscedasticity. Nawata [10] proposed a robust estimator that is consistent even under heteroscedasticity if the first and third moments are zero. The estimator is obtained from the roots of the equations,
, ,
, there exists a consistent root among the roots of Equation (8) . Let
be the consistent root (hereafter, robust estimator) and
Hausman Tests for the BC Model
A Test of the Homoscedasticity and "Small σ" Assumptions
We first test the null hypothesis consisting of the homoscedasticity and "small σ " assumptions. Since
Let 1 δ be the estimator of 1 δ and
we can test this assumption using t as the test statistic [4] . As pointed out by Nawata and McAleer [20] , we cannot use two or more parameters in the Hausman test. We can use the BC MLE if the null hypothesis is accepted.
A Test of Homoscedasticity
The N-estimator is not consistent under heteroscedasticity. Therefore, it is necessary to test the homoscedasticity assumption if the null hypothesis in the previous section is rejected. The null hypothesis is homoscedasticity.
For this test, we use the N-estimator and robust estimator. Under the null hypothesis,
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where c and f are the first columns of
where ( ) ( ) [12] . The ICD-10 codes classify diseases by one alphabet and three digit numbers. We considered only patients who underwent one-eye cataract operations without secondary treatments of article kidney. The DPC codes for this procedure were 020110xx97x0x0 and 020110xx97xxx0 before (April 2008-March 2010) and after (April 2010-March 2012) the 2010 revision. The original dataset contained information from 42,925 patients. Since the distribution of LOS had a heavy tail on the right side as shown in Figure  1 , we used the BC model rather than the ordinary least squares model. Among these patients, we used the dataset obtained from 34 DPC hospitals (Hp 1-34) where operations were performed both before and after the revision to evaluate the effect of the 2010 revision of the DPC/PDPS, and where more than 500 were operated in the sample period. These hospitals had 32,595 patients. Table 1 shows LOS by hospital. The average length of stay (ALOS) was 3.51 days and the standard deviation was 2.84 days for all 32,595 patients. The maximum ALOS by hospital was 6.12 days (Hp 23), and the minimum was 2.0 days (Hp 11). The maximum was more than 4 days longer than the minimum, and there were large differences among hospitals.
Summary of the 2010 Revision for Cataract Operations
The 2010 revision of the DPC/PDPS contained major changes for cataract operations. Before the revision, dif- ferent DPC codes were assigned depending on the presence or absence of secondary treatments of article kidney (without secondly treatments 020110xx97x0x0; with secondly treatments: 020110xx97x1x0), and the medical payments differed accordingly. After the revision, cataract operations were categorized under just one DPC code (020110xx97xxx0) independent of the presence of secondary treatments of article kidney. The Periods I and II and the Specific Hospitalization Period were changed, and the per diem inclusive payments were revised. The per diem inclusive payment in 2008-9 for patients without the secondary treatments was 2363 points for the first day, 1900 points for the 2nd and 3rd days, and 1615 points for the 4th-7th days. For those with the secondary treatments, the per diem inclusive payment was 2829 points up to the 2nd day, 2091 points for the 3rd and 4th days, and 1777 points for the 5th-7th days. After the revision, the per diem inclusive payment became 2237 points up to the 2nd day, 1627 points for the 3rd day, and 1464 points for the 4th-6th days for all cataract patients independent of the secondary treatments (10 yen per point are paid to a hospital.)
Results of Estimation
When we analyze LOS, we need to consider the characteristics of the patients and the types of principal disease as the explanatory variables. The data of 32,923 patients without missing values in explanatory variables were used for the analysis. For the gender of patients, we used a Female dummy (1: female; 0: otherwise). The percentage of female patients was 56.3%. Costs of hospitalization (including opportunity costs) tend to decrease with patient age. Therefore, we used Age (age of a patient) as an explanatory variable. Japan has employed the public health insurance system and all Japanese have been required to attend some types of the insurances. During the sample period, percentages of direct payments by patients changed at age 70; that is, 10% for patients age 70 or older and 30% for patients younger than age 70. Therefore, we added Age 70 (1: age 70 or over; 0: otherwise) dummy. (Note that the payments of patients have been increased to 20% for patients age 70 -74 since April 2014.) The average and standard deviation of ages were 73.6 and 10.0, respectively. For representing conditions of patients, Comorbidities (number of comorbidities), Complications (number of complications), and Non-planned (1: hospitalization was not planned in advance; 0: otherwise), Outpatient (1: patient was outpatient before hospitalization; 0: otherwise) and Other Hospital (patient was introduced by another hospital; 0: otherwise) dummies were used. 45.4% and 38.1% of patients had comorbidities and complications, respectively. The average numbers of comorbidities and complications were 1.77 and 1.40, respectively, for these patients. 0.67%, 92.4% and 45.4% of patients were non-planned hospitalizations, outpatients and introduced by other hospitals, respectively.
To analyze the impact of seasonal climates, we used Winter (1: winter, December to February; 0: otherwise) and Summer (1: summer, July and August; 0: winter) dummies. The percentages of patients treated in winter and summer were 20.9% and 22.4%, respectively. To analyze influences of the 2010 revision of the DPC/PDPS, After 2010 dummy (1: after April 2010; 0: otherwise) was used. 54.6% of patients were operated after April 2010. Trend (time trend) was added to evaluate the progress and improvement of cataract operation technologies. If the LOS exceeds the Specific Hospitalization Period, the payment system becomes the conventional feefor-service system. Therefore, we added the Specific Period dummy (1: over the Specific Hospitalization Period, 0: otherwise) and 1.0% of patients stayed over the Specific Hospitalization Period.
Principal Disease dummies based on the ICD-10 codes were used to analyze the effects of principal diseases. The definitions and percentages of patients were as follows. H25.0: senile incipient cataract, 53.0%; H25.1: senile nuclear cataract, 16.7%; H25.2: senile cataract, morgagnian-type, 1.2%; H25.8: other senile cataract, 5.5%; H25.9: senile cataract, unspecified, 5.9%; H26.0: infantile and juvenile cataract, 6.2%; H26.9 (unspecified cataract) 8.3%; H26_other: other H26 cataracts including H26.2: complicated cataract, H26.3: drug-induced cataract, H26.4: After-cataract; H26.8: other specified cataract, 0.5%; H27: Other disorders of lens 0.9%; and H28: Diabetic cataract 1.7%. The base of the ICD-10 dummies was H25.0. Thirty four hospital dummies (1: Hp k; 0: otherwise) were used to represent the influence of the hospital. To evaluate the effects of hospitals directly, we used 34 hospital dummies and a constant term is not included.
Thus ij x β ′ of Equation (1) 
, so the homoscedasticity was accepted at the 5% significance level. Therefore, the remainder of this paper was thus an analysis of the results of the N-estimator. The estimate of ˆN λ was significantly smaller than 1.0, suggesting some patients remained in hospitals for a long period of time. The estimate of Female dummy was positive and significant at 1% level. The estimates of Age and Age 70 were positive and significant at the 1% and 5% level, respectively. These results implied that the LOS was longer for females and for older patients, and lower payments for patients age 70 or over prolonged LOS. The estimates of Comorbidities and Complications were positive and significant at the 1% and 5% levels, and comorbidities and complications prolonged LOS. The estimates of Non-planned and Other Hospital dummies were not significant. Although the estimate of Winter dummy was negative and significant at the 1% level, the estimate of Summer dummy was not significant. This implies that the LOS became shorter in winter but not in summer. The estimate of After 2010 dummy was not significant and so we did not admit the effect of the 2010 revision in this study. The estimate of Trend was significant at the 1% level and it was admitted that the LOS became shorter as time went. Both estimate and t-value were quite large for the Specific Period dummy.
Especially, the estimated value was 2.009 that was much bigger than those of other explanatory variables. As explained earlier, the payment system becomes the fee-for-service system and daily payments do not decrease any more once the LOS exceeds the Specific Hospitalization Period. This is a big problem that must be considered in the future revision of the medical payment system. For the estimates of the Hospital dummies, the maximum was 2.887 (Hp 25) and the minimum was 0.962 (Hp 5); the difference between the maximum and minimum values was 1.925 and it was much larger than the estimates of other variables except the Specific Period dummy. This indicated that there remained large differences among hospitals, even after removing the influences of factors such as patient characteristics, types of principal diseases and the revision of the DPC/PDPS. Although the medical society may express strong disapproval, it may be necessary to give hospitals additional strong incentives suggested by Nawata et al. [3] to reduce LOS in the future revision of the DPC/PDPS.
Conclusions
In this paper, we analyzed the effect of the 2010 revision of the DPC/PDPS on LOS for single-eye cataract operations (DPC category code 020110) in Japan using the BC model. The dataset contained information for 32,973 patients collected from 34 DPC hospitals where cataract operations were reported both before and after the 2010 revision and there were more than 500 patients. The sample period was from April 2008 to March 2012. We first performed the Hausman tests to determine whether or not we could use the BC MLE using Nawata's [9] [10] estimators. We found that the null hypothesis consisting of the homoscedasticity and "small σ " assumptions was rejected and the BC MLE should not be used for this dataset. On the other hand, the homoscedasticity assumption was accepted and we used N-estimator [9] in the analysis. Our results indicated that the factors which affected the LOS were the gender, age, comorbidities and complications, introduced by other hospitals, winter, time trend and Specific Hospitalization Period. As principal diseases, we found that H25.1, H25.2, H25.8 and H27 were significant. The ALOS values were significantly different among hospitals, even after removing the influences of patient characteristics and types of principal diseases. The estimate of After 2010 dummy was not significant, so we did not admit the effect of the 2010 revision in this study. Since the LOS of Japanese hospitals is quite long among major countries, incentives to hospitals to reduce their ALOS are very important. However, desirable incentives have not been known yet. These are subjects for future studies.
